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INTRODUCTION
strain A/X-31 (H3N2) (24, 29) . Intralitter transmission was assessed in littermates 1 0 0 (contact/recipient) by measuring virus from retrograde tracheal lavages at 4-5 days 1 0 1 post-infection (p.i.) ( Fig.1A) . A/X-31 virus was selected to model transmission because humans. Furthermore, the 50% mouse infectious dose (MID 50 ) in this model is 4-5 1 0 5 plaque forming units (PFU), suggesting high susceptibility to A/X-31 infection. Transmission efficiency was observed to be 100% when index and contact pups were 1 0 7 housed together at the time of IAV inoculation ( Fig.1B) . Transmission declined the 1 0 8 longer the index and recipient pups were housed apart prior to being in direct contact, 1 0 9
and was completely eliminated when housed together after 72 hours of separation 1 1 0 ( Fig.1C and Fig. S1 ). This observation suggested that in this model, transmission from 1 1 1 index to recipient is most effective within the first 72-hour period of contact. To determine the window of viral acquisition in recipient mice, an 8-day IAV 1 1 3 transmission experiment was performed (Fig. 1D) . The observed growth of IAV in the 1 1 4
URT of recipient pups suggested that de novo virus acquisition occurred between 2-3 1 1 5 transmission. To determine the role of sialidases in general in IAV acquisition, infant index and 2 4 2 contact mice were treated IN twice daily with Vibrio cholerae neuraminidase (VCNA), 2 4 3 which cleaves both 2,3-and 2,6-linked sialic acids (43). We found that, like Spn NanA, 2 4 4 VCNA treatment was sufficient to decrease IAV acquisition (71.4%) and inhibit shedding 2 4 5 by the contacts (Fig. 5B right) . Together, these observations suggest that sialidase 2 4 6 activity from colonizing bacteria has the capacity to inhibit IAV acquisition in the URT, 2 4 7 specifically via its cleavage of 2,3-and 2,6-linked SA. The inability to study in detail the host's role in IAV transmission has been a 2 5 1 major drawback of the ferret and guinea pig animal models, and has limited our current 2 5 2 understanding of IAV contagion (16) (17) (18) (19) . Herein we established an efficient and resources of mouse biology, to explore the role that host factors, immune pathways, 2 5 5 and the URT flora play in IAV transmission. Our study corroborated previous findings that infant mice support efficient and 2 5 7 consistent IAV transmission (20, 25) , and document an age-dependent effect on the 2 5 8 efficiency of transmission, highlighting inefficient transmission in adult mice. This suggests an inherent quality of younger mice (i.e. less mobility allowing closer contact, 2 6 0 suckling, presence/absence of a host factor, microbiota composition, immunodefficient 2 6 1 or developmental status) which facilitates the shedding and transmissibility of IAV. In 2 6 2 humans, young age correlates with increased IAV nasopharyngeal shedding (44) and 2 6 3 longer duration of shedding (45), increasing the potential for transmission in this age 2 6 4 group. Although it has been shown in the study of Edenborough (23) that 56-day old 2 6 5 adult mice support the transmission of A/X-31 and A/Udorn/307/72 (H3N2) viruses at 2 6 6 100% efficiency in BALB/c mice, we were unable to observe comparable efficiency in 2 6 7 transmission using our A/X-31 virus in C57BL/6J mice older than 28-days of age. The supporting an inconsistent transmission phenotype observed in adult mice which has 2 7 0 limited its utilization as an IAV transmission model. Notably, we are the first to demonstrate that infant mice support efficient IBV transmission, which contrasts with the 2 7 2 inefficient IBV transmission previously reported in adult mice (32).
7 3
Although not evaluated in this study, the difference in mouse strains could also 2 7 4 affect the irregular success of IAV transmission in adult mice. One mouse strain, 2 7 5 C57BL/6J, has been tested in infant mice and demonstrated 100% transmission 2 7 6 efficiency in two independent studies (present study and (25)). In contrast, several 2 7 7 mouse strains have been tested for IAV transmission among adult mice, with variable 2 7 8 efficiencies among studies (0 to 100%) despite using the similar virus strains. They include BALB/c (22, 23, 26, 28) , C57BL/6J (present study), Mx1-competent C57BL/6J 2 8 0 (24), Swiss Webster (20, 26, 46) , New Colony Swiss (47), Manor Farms (MF-1) (32), 2 8 1 DBA/2J (26), and Kunming (27). We learned from these studies that, host traits (mouse Several studies have demonstrated that virus strain is an important determinant 2 8 6 of IAV transmission in mice (20, 23, 32, 46, 48) . Like more recent studies (23, 48), we 2 8 7 highlighted the increased efficiency of transmission of A/H3N2 over A/H1N1 viruses. In 2 8 8 addition, A/H2N2 viruses (not tested here) have also shown to have increased 2 8 9 transmission efficiency in mice over A/H1N1 viruses (32, 46). Although we have not 2 9 0 evaluated specific viral moieties that confer a transmissible phenotype, the viral HA has 2 9 1 been demonstrated to play a role in transmission in mice (23). In addition, we postulate 2 9 2 that the activity of some NA in combination with specific HA favors viral release from the 2 9 3 nasal epithelium which allows viral shedding and transmission in mice. Thus together, 2 9 4 1 5 our data highlights that both host and viral-specific features are important to consider to 2 9 5 understand the requirements for IAV transmissibility.
9 6
We demonstrated that free virus particles present in secretions of mice, and not 2 9 7
replicating virus in the URT, correlated with IAV transmission efficiency. A similar 2 9 8 observation was also reported by Schulman (32), Edenborough (23), and Carrat (31) 2 9 9 demonstrating that transmissibility was associated with greater shedding of virus in Two host traits have been identified in this study that influence IAV transmission: Pups and mother were euthanized by CO 2 asphyxiation followed by cardiac puncture, The MID 50 was calculated by the Reed and Müench method (75). (2.5μg/ml) plates. The nanB-knockout strain (P2511) was constructed by amplifying the Environ Microbiol 67:5190-6. represents the shedding titer measured from a single mouse at the specified day. Index IAV was collected by gently dipping the nares of each mouse in viral media daily. to 75 th percentile for each data set. Whiskers for each box encompasses the minimum 7 8 0
to maximum values. Median values are indicated by a line within the box. tract, PFU=plaque forming unit, LOD=Limit of detection. Overlay of shedding data (Fig. 2 ) (black and red symbols) with transmission data (Fig.   8  4  3 1D). Percent transmission was calculated for each day from raw data in Fig. 1D , and is Threshold of transmission is displayed with dashed line, and was calculated using best- 
